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Multilocus sequence typing (MLST) and antibiotic resistance patterns of Campylobacter jejuni and Campylobacter coli from
retail chickenmeat showed high overlap with isolates collected at slaughterhouses, indicating little selection along the produc-
tion chain. They also showed significant common sequence types with human clinical isolates, revealing chickenmeat as a likely
source for human infection.
Campylobacteriosis remains the most frequently reportedzoonosis in the European Union and in Switzerland (1, 2).
Most studies found consumption of poultry meat to be the main
risk factor associated with human disease (3, 4, 5). While there are
several studies describing the genotypes of Campylobacter jejuni
and Campylobacter coli isolates from chickens at slaughter, only a
few, and none so far in Switzerland, have looked at the genotypes
of isolates from retail meat.
To study the diversity of isolates from chicken retail meat and
their relation to isolates from chickens at slaughter, we investi-
gated 204C. jejuni andC. coli isolates that had been collected at the
retail level in the course of a nationwide prevalence study in 2009
(6). Thereof, 141 isolates originated from Swiss meat and 57 orig-
inated from imported meat. For six isolates, the information on
origin was unknown. For comparison with chickens at slaughter,
197 isolates from cecal samples, recovered in the context of the
Swiss Antibiotic Resistance Monitoring Program 2009, were avail-
able. In addition, we compared the isolates from both groups to a
set of 383 previously published isolates from diseased humans
with no history of foreign travel that had been sampled in the same
year (7).
Multilocus sequence typing (MLST) and genetic determina-
tion of resistance to quinolones and macrolides were performed as
previously described (7, 8). Descriptive statistical analyses as well
as Fisher’s exact test and a chi-square test were conducted with the
NCSS 8 software (NCSS, Kaysville, UT), setting the level of signif-
icance at P values of0.05. The proportion similarity index (PSI)
as a measure of the area of intersection between two frequency
distributions was calculated, and the standard deviation for the
estimation of confidence intervals was determined using the boot-
strap method with 1,000 resampling steps (9, 10). Fixation index
values (FST), which give an indication of the genetic distance be-
tween populations with a range from 0 to 1, were obtained with
the Arlequin software version 3.5.1.2 (11), which was also used to
perform analyses of molecular variance (AMOVA). FST and
AMOVA were calculated using the concatenated sequences of the
seven MLST alleles.
Species distribution was highly similar between isolates from
retail (69% C. jejuni, 31% C. coli) and slaughterhouse (74% C.
jejuni, 26% C. coli) and different in comparison to clinical isolates
(91% C. jejuni, 9% C. coli). These findings indicate that the lower
frequency of C. coli in human patients is not due to decreased
survival along the production chain but more likely a difference in
the potential to cause disease compared to C. jejuni. Genotypic
diversity was markedly higher among retail meat isolates than
among isolates from slaughterhouses, a fact which can be ex-
plained by a substantial proportion (29%) of the meat being im-
ported (Table 1). Overall, C. jejuni isolated from retail meat could
be attributed to 42 different sequence types (STs) belonging to 16
clonal complexes (CCs) and seven STs without a defined CC.
When only Swiss meat was considered, this number dropped to 30
STs belonging to 15 CCs and four STs without a defined CC. The
three most frequent CCs present in Swiss meat were CC21 (35%),
CC48 (14%), and CC45 (11%), also found in similar proportions
among the slaughterhouse isolates: CC21, 30%; CC48, 13%;
CC45, 8%. The genetic diversity of the C. jejuni isolates from the
slaughterhouses was also similar to that of the Swiss meat isolates,
with 22 STs belonging to 14 CCs and 10 STs for which no CC was
defined. No significant difference (chi-square test) was detected
for the distribution of CCs between Swiss meat and slaughter-
house isolates, and the PSI was 0.85 (95% confidence interval [CI],
0.76 to 0.94). When STs were compared, there was also no signif-
icant difference between the two groups (chi-square test), and the
PSI was still 0.69 (95% CI, 0.60 to 0.78), indicating that little se-
lection takes place along the production chain.
C. coli isolates were less diverse thanC. jejuni isolates, with 89%
of the meat isolates and 85% of the slaughterhouse isolates belong-
ing to CC828 and no CC defined for the rest. Two of the three
most frequent STs (ST827, ST854) were the same for Swiss meat
and slaughterhouse isolates. The PSI between these two groups
amounted to 0.60 (95% CI, 0.46 to 0.74).
FST values between the slaughterhouse and Swiss retail meat
isolates were not significantly different from zero for both species,
indicating that essentially the same strains colonizing poultry at
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slaughter can also be found on the end product at retail. This
observation is supported by a recent study from the United King-
dom where the predominant strains in poultry flocks were also the
predominant strains found on the final carcass (12), but it is in
contrast to other studies where differential survival of genotypes
was observed (13, 14).
When isolates from Swiss and imported meat were compared,
results differed for C. jejuni and C. coli. For C. jejuni, the FST
between the two groups was not significantly different from zero.
However, when performing locus-by-locus AMOVA, separating
TABLE 1 Distribution of CCs and STs among C. jejuni and C. coli
isolates from retail chicken meat and Swiss chicken at slaughtera
Species CC ST
No. of total isolates (no. of
isolates from Swiss meat)
Retail Slaughterhouse
C. jejuni 21 19 5 (5) 2
21 21 17 (14) 18
21 50 12 (8) 13
21 104 1 (0) 0
21 262 6 (6) 11
21 597 1 (1) 0
21 883 2 (0) 0
22 22 3 (2) 5
42 42 1 (1) 0
42 469 1 (0) 0
42 4765 1 (0) 0
45 45 6 (4) 9
45 137 5 (4) 0
45 418 1 (1) 0
45 583 1 (0) 1
45 845 0 (0) 2
45 1964 1 (1) 0
45 5125 1 (1) 0
48 48 13 (13) 19
48 475 2 (1) 0
52 52 1 (1) 0
61 61 0 (0) 1
206 122 2 (1) 7
206 227 1 (1) 0
206 290 1 (1) 0
206 572 1 (0) 0
206 2282 2 (1) 0
206 3335 1 (0) 0
257 257 4 (3) 10
257 824 1 (0) 0
257 990 0 (0) 1
283 267 6 (4) 2
283 383 4 (3) 4
353 356 1 (1) 0
353 5116 0 (0) 1
354 354 2 (0) 0
354 878 3 (3) 5
354 1073 3 (1) 4
354 1723 1 (0) 0
354 2288 1 (0) 0
443 51 5 (3) 0
446 978 1 (1) 0
460 460 1 (0) 0
464 464 3 (3) 7
607 607 3 (3) 0
607 3963 3 (3) 6
658 1044 0 (0) 1
692 991 0 (0) 1
ND 441 2 (1) 1
ND 586 3 (3) 5
ND 791 0 (0) 1
ND 877 1 (0) 0
ND 905 1 (0) 0
ND 1080 0 (0) 2
ND 1911 1 (1) 1
ND 3544 1 (0) 0
ND 4871 0 (0) 1
ND 5115 0 (0) 1
ND 5117 0 (0) 1
TABLE 1 (Continued)
Species CC ST
No. of total isolates (no. of
isolates from Swiss meat)
Retail Slaughterhouse
ND 5118 0 (0) 1
ND 5119 0 (0) 1
ND 5124 1 (1) 0
Total 141 (101) 145
C. coli 828 825 3 (2) 8
828 827 14 (13) 12
828 828 1 (0) 0
828 829 6 (6) 1
828 854 6 (4) 5
828 855 1 (0) 0
828 1016 1 (0) 1
828 1058 1 (0) 0
828 1096 0 (0) 3
828 1181 1 (0) 0
828 1556 3 (3) 3
828 1563 1 (1) 0
828 1585 1 (0) 0
828 1614 2 (0) 0
828 1628 4 (0) 0
828 1957 1 (1) 2
828 2142 1 (1) 1
828 2273 2 (2) 1
828 2301 1 (0) 0
828 3023 2 (2) 1
828 3083 1 (0) 0
828 3336 0 (0) 1
828 3339 0 (0) 1
828 3985 1 (0) 0
828 4956 0 (0) 1
828 5120 0 (0) 1
828 5122 0 (0) 1
828 5123 0 (0) 1
828 5126 1 (0) 0
828 5127 1 (1) 0
ND 1581 1 (0) 0
ND 1584 2 (2) 2
ND 3344 2 (1) 2
ND 3345 0 (0) 1
ND 3989 1 (1) 0
ND 4808 1 (0) 0
ND 4936 0 (0) 1
ND 4962 0 (0) 1
ND 5121 0 (0) 1
Total 63 (40) 52
a New STs found in this study are indicated in bold. ND means no CC defined for
this ST.
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isolates by quinolone resistance and then by origin (Swiss or im-
ported), a significant amount of variation was assigned to the quino-
lone resistance variable (4.2%), while origin accounted only for 1.7%.
For C. coli, the FST between isolates from Swiss and imported meat
amounted to 0.084, which was a significant difference. Interestingly,
when locus-by-locus AMOVA was performed forC. coli as described
above, no significant amount of variation was assigned to quinolone
resistance, whereas 10.9% was assigned to origin (Swiss or imported).
This indicates that C. jejuni genotypes are largely similar between
Swiss and imported meat, while a difference could be detected for C.
coli genotypes. On the other hand, there seems to be a nonrandom
association of some C. jejuni genotypes with quinolone resistance
independent of the retail meat’s origin.
Compared to the human isolates, taking C. jejuni and C. coli
together, both the retail (including Swiss and imported meat) and
the slaughterhouse group showed a high overlap, with a PSI of
0.51 (95% CI, 0.44 to 0.57) and 0.53 (95% CI, 0.46 to 0.60), re-
spectively. The FST for C. jejuni was 0.028 (95% CI of 0.024 to
0.034) when human isolates were compared to retail (including
Swiss and imported meat) and 0.026 (95% CI, 0.023 to 0.031)
when they were compared to the slaughterhouse isolates. The dif-
ference between human and poultry isolates was slightly but not
significantly higher for C. coli, with FST values of 0.048 (95% CI,
0.002 to 0.085) and 0.044 (95% CI, 0.005 to 0.080), respectively.
This finding might suggests that C. coli shows more host specific-
ity, with some genotypes being more infectious for humans than
others, but this conclusion must be drawn with caution due to the
much smaller sample size forC. coli. However, the low FST in both
cases indicates a strong association of chicken and human isolates.
There was no significant difference (Fisher’s exact test) in an-
tibiotic resistance between isolates from Swiss meat and slaugh-
terhouses. The mutation conferring macrolide resistance (23S
RNA gene: A2075G) could not be demonstrated in C. jejuni,
whereas in C. coli, 5% of the isolates from Swiss meat and 6% of
the slaughterhouse isolates possessed this mutation (Table 2).
Quinolone resistance (mutation C257T or A in gyrA) was also
more frequent among C. coli occurring in 50% of the Swiss meat
and 40% of the slaughterhouse isolates (Table 3). Among C. jejuni
isolates, the respective frequencies were only 27% and 29%. In
contrast, C. jejuni from imported meat showed a significantly
(Fisher’s exact test) higher occurrence of quinolone resistance
(53%). C. coli from imported meat also displayed a tendency (not
significant) toward higher quinolone and macrolide resistance
than isolates from Swiss meat (Table 2 and 3). Interpretation of
these numbers is difficult, as the countries of origin for imported
meat could not be determined. However, the resistance situation
appears to be better in Switzerland than in many other European
countries (15). Nevertheless, a steady increase in quinolone resis-
tance has been observed amongC. jejuni isolates from Swiss chickens
over the last years (16). This is not surprising, as enrofloxacin is the
most frequently applied antibiotic on Swiss broiler farms (17).
In conclusion, isolates from chickens at slaughter are highly
congruent with isolates from Swiss meat at retail, indicating that
little selection of genotypes seems to take place along the produc-
tion chain. Also, a strong genotypic relationship of Campylobacter
isolates from broiler meat and human cases was shown. These data
give further evidence that contaminated poultry meat is the most
important risk factor for human campylobacteriosis, and they
help to strengthen the scientific background for concrete risk
management measures in the framework of the ongoing campy-
lobacteriosis epidemics in Switzerland as well as other countries.
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